Abstract
INTRODUCTION
With advances in the quality of life and various lifestyle transitions, non-alcoholic fatty liver disease (NAFLD) has become a growing public health concern worldwide, with a prevalence of about 15% in the general population of China [1] . NAFLD refers to a disease spectrum with progressive histological changes ranging from non-alcoholic fatty liver (NAFL) to non-alcoholic steatohepatitis (NASH), which is characterized by hepatocyte injury with the presence of hepatic steatosis. If left untreated, NASH will result in irreversible liver damage, such as fibrosis, cirrhosis and hepatocellular carcinoma (HCC) [2] . Currently, NASH is the most common cause of chronic liver disease and the second most common indication for liver transplantation in America [3] . Thus, there is an urgent need for improved detection of NASH. Invasive liver biopsy remains the gold standard for the diagnosis of NASH, and thus there is a strong interest in the development of noninvasive biomarkers for this disease, such as serum cytokeratin-18 (CK-18) and ferritin [4, 5] . However, these serum biomarkers do not have sufficient sensitivity or specificity to act as robust predictors of NASH [6] . Chronic hepatitis B (CHB), a global health burden caused by hepatitis B virus (HBV) infection, affects approximately 350 million people worldwide, and 780000 die each year due to HBV-related diseases [7] . In Asia and the western Pacific, especially China, CHB is still a leading cause of cirrhosis and HCC [8] [9] [10] . Given the high prevalence of CHB in China, it cannot be excluded in the identification of biomarkers of NAFLD and NASH.
Recently, circulating microRNAs (miRNAs) have emerged as attractive candidate biomarkers for early detection and monitoring of liver disease progression and response to treatment, as they are protected from RNases in the body fluids and are extremely stable [11] . The use of miRNAs as noninvasive biomarkers of NAFLD is of particular interest. Recent studies have identified a series of miRNAs that are dysregulated in NAFLD, among which miR-122, -125b, -146b, -16, -21, -192, -27b and -34a are the most widely reported to contribute to the development of NAFLD and NASH [12] [13] [14] [15] [16] [17] . Although many studies have been conducted to identify the biomarkers and mechanisms associated with NAFLD, many issues remain unsolved. For example, there is still a lack of reliable disease-specific biomarkers for the diagnosis of NASH. Therefore, we assessed whether circulating miRNAs can distinguish NAFLD from CHB and also diagnose NASH and significant fibrosis in NAFLD. In the present study, we analyzed the serum expression profile of eight miRNAs (miR-122, -125b, -146b, -16, -21, -192, -27b and -34a) in healthy controls, CHB controls and NAFLD patients from mainland China.
MATERIALS AND METHODS

Study design, patients and controls
This study was carried out in 111 Chinese Han individuals between May 2012 and May 2014. The inclusion criteria were as follows: (1) age of 18-60 yearsold; (2) NAFLD group: evidence of hepatic steatosis by histology; and (3) CHB group: serum hepatitis B surface antigen (HBsAg) positivity for at least 6 mo, a liver biopsy showing chronic hepatitis with moderate or severe necro-inflammation, and patients not meeting the diagnostic criteria for cirrhosis or steatosis. The exclusion criteria were as follows: (1) excessive alcohol consumption (140 g per week for men, 70 g for women); (2) use of hepatotoxic medications or herbal products; (3) other viral hepatitis; (4) diabetes; and (5) pregnancy or lactation. The healthy control group consisted of healthy age-and sex-matched subjects from our institutional staff with normal body mass index (BMI; calculated as body weight/height 2 ), liver enzymes, and abdominal ultrasonography findings. The Ethics Committees of Xinhua Hospital approved this study, and all the subjects provided informed written consent prior to enrollment.
Clinical and laboratory assessment
Clinical information, including age, sex, BMI and frequency and average daily consumption of alcohol, was collected at the time of liver biopsy. Blood samples were drawn from an antecubital vein after overnight fasting; the blood analysis, including platelet (PLT) count and levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), gammaglutamyl transpeptidase (GGT), total cholesterol (TC), triglycerides (TG), high density lipoprotein (HDL) and low density lipoprotein (LDL), were determined with an automatic biochemical analyzer. The fibrosis-4 (FIB-4) index was calculated as follows: [18] . The AST to PLT ratio index (APRI) was calculated as AST (× upper limit of normal)/PLT (10 9 /L) × 100 [19] . HBsAg was detected by a commercially available enzyme immunoassay (Abbot Laboratories, Chicago, IL, United States). Additionally, the serum CK-18 M30 and M65 levels were measured using a human CK18-M30 enzyme linked immunosorbent assay (ELISA) Kit (U-1197; Peviva, Nacka, Sweden) and a CK18-M65 ELISA Kit (U-2098; Peviva), respectively.
Histopathological analysis
The liver biopsy specimens were fixed in formalin, embedded in paraffin and stained with hematoxylineosin (HE) and Masson. An experienced hepatopathologist, who was blinded to the clinical data, analyzed the liver biopsies. The steatosis score (S; 0-3) assessed the quantities of large or mediumsized lipid droplets (S0: < 5%; S1: 5%-33%; S2: 34%-66%; S3: > 67%). The activity grade (A; 0-4) was the unweighted addition of hepatocyte ballooning (0-2) and lobular inflammation (0-2). The fibrosis stage (F; 0-4) was assessed as follows: F0: none; F1: 1a or 1b perisinusoidal zone 3 or 1c portal fibrosis; F2: perisinusoidal and periportal fibrosis without bridging; F3: bridging fibrosis; and F4: cirrhosis. NASH was diagnosed based on the steatosis, activity, fibrosis (SAF) score of the fatty liver inhibition of progression (FLIP) algorithm (S ≥ 1A ≥ 2Fany) [20] . 
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RESULTS
Characteristics of the study subjects
The characteristics of the study subjects are summarized in Table 1 and Table 2 . Based on the SAF score, 31 patients were diagnosed with NASH. Age and sex were comparable among the groups. The NAFLD group displayed a significantly higher BMI compared with that of the control and CHB groups, and the NASH group had higher ALT and AST levels than those of the control and NAFL groups (P < 0.05). CK-18 (M30) and CK-18 (M65) levels were higher in the NASH group than in the NAFL group (P < 0.001), but there was no significant difference between the NAFLD and CHB groups ( Figure 1 ).
Serum miRNA profiles in different groups
All eight miRNAs, except for miR-125 and -27b, were up-regulated in the NAFLD group compared with that of the controls (P < 0.05), with miR-34a being even higher and miR-122, -16 and -192 being lower in the NAFLD group compared with that of the CHB group (P < 0.01; Figure 2A ). Among them, miR-122, -192 and -34a displayed the highest fold-change in NAFLD compared with the controls, which were 7.9, 4.0 and 2.8, respectively. When we divided NAFLD patients into NAFL and NASH subgroups, the results showed that miR-122, -192 and -34a had significant differences not only between the NAFL and the control groups but also between the NASH and the NAFL groups (P < 0.001; Figure 2B ).
Correlations between miRNAs and hepatic histological features
A correlation analysis was performed between serum miRNAs and hepatic histological features in NAFLD patients (Table 3) . miR-122, -192 and -34a were correlated with hepatic steatosis (R = 0.302, 0.323 and 0.470, respectively, P < 0.05) and inflammatory activity (R = 0.445, 0.447 and 0.517, respectively, P < 0.01). Notably, miR-34a showed the strongest correlation with lobular inflammation (R = 0.552, P < 0.01), and miR-122 showed the strongest association with hepatocellular ballooning (R = 0.477, P < 0.01). However, only miR-16 was associated with hepatic fibrosis (R = 0.350, P < 0.05; Figure 3 ).
Predictive value of miRNAs in NASH and significant fibrosis
We estimated the value of the eight miRNAs in the diagnosis of NASH and significant fibrosis in patients with NAFLD using a logistic regression model. Upon adjustment for BMI, miR-34a was shown to be a significant predictor of NASH (P < 0.01) and miR-16 was found to be a significant predictor of significant fibrosis (≥ F2; P < 0.05). However, none of the eight miRNAs could predict advanced fibrosis (≥ F3) or cirrhosis. The diagnostic performance of miR-34a for NASH and miR-16 for significant fibrosis was evaluated using ROC analysis. Interestingly, the AUROC of miR-34a for NAFLD was very high (0.811, 95%CI: 0.670-0.953; Figure 4A ). Although serum ALT, M30 and M65 had a specificity of 0.937 for the diagnosis of NASH, their sensitivities, which were 0.481, 0.407 and 0.519, respectively, were relatively poor. Fortunately, patients. CK-18 (M30) and CK-18 (M65) showed a higher level in non-alcoholic steatohepatitis (NASH) patients than non-alcoholic fatty liver (NAFL) patients (P < 0.001), but they showed no significant difference between the non-alcoholic fatty liver disease (NAFLD) patients and chronic hepatitis B (CHB) patients. a P < 0.05 vs the control group; A: c P < 0.05 vs the CHB group; B: c P < 0.05 vs the NAFL group. CK-18: Cytokeratin-18.
miR-34a significantly increased the sensitivity to 0.704, with a comparable specificity. Compared with miR34a, FIB-4 had the same sensitivity (0.704) but lower specificity (0.687) for the diagnosis of NASH, and APRI showed the same specificity (0.875) but lower sensitivity (0.556). For the diagnosis of significant fibrosis, miR-16 displayed a relatively lower AUROC (0.716, 95%CI: 0.551-0.882) than that of FIB-4 (0.835, 95%CI: 0.694-0.976) and APRI (0.853, 95%CI: 0.720-0.986; Figure 4B ).
DISCUSSION
The past decade has witnessed growing interest in miRNAs for their noninvasive diagnostic value in a variety of diseases, including NAFLD. Previous human studies have examined the miRNA expression pattern in NAFLD, and several miRNAs have been proposed to be predictors of this disease [12] [13] [14] [15] [16] [17] . However, there is limited information about the disease specificity and correlation with hepatic histological features of these miRNAs. Therefore, our study explored the serum levels of miR-122, -125b, -146b, -16, -21, -192, -27b and -34a in biopsy-proven NAFLD patients, CHB patients, and healthy controls from mainland China.
Among these miRNAs, miR-122, -16, -192 and -34a could differentiate NAFLD from healthy controls and CHB patients, and miR-122, -192 and -34a could distinguish NASH from NAFL. In addition, miR-34a showed a superior ability to diagnose NASH compared with that of ALT, CK-18 (M30) and CK-18 (M65).
Among the eight miRNAs selected from previous articles, miR-122, -16, -192 and -34a showed differential expression in NAFLD and CHB, which are the most common liver diseases in China. Interestingly, only miR-34a was up-regulated in NAFLD compared with CHB patients, indicating that miR-34a may be a more sensitive indicator of NAFLD than CHB. Increased miR-34a levels have been reported in the serum and liver of NAFLD patients and animal models [15, 16, 21] , and our results suggested that miR-34a could distinguish NAFLD not only from healthy controls but also from other liver diseases, such as CHB.
miR-122, a liver-enriched and liver-specific miRNA, has received considerable attention as a biomarker of NAFLD. It is released into circulation during hepatocyte damage and has been shown to be key regulator of lipid metabolism [22] . However, increased miR-122 has also been found in many liver conditions, including hepatitis C virus (HCV) and HBV infections and alcohol- ), nonalcoholic fatty liver and non-alcoholic steatohepatitis patients. All eight miRNAs, except miR-125 and -27b, were up-regulated in the non-alcoholic fatty liver disease (NAFLD) group compared with the control group (P < 0.05), with miR-34a being even higher and miR-122, -16 and -192 being lower in the NAFLD group compared with chronic hepatitis B (CHB) group (P < 0.01; Figure 2A ). Among the miRNAs, miR-122, -192 and -34a showed significant differences not only between the NAFLD and the control groups but also between the non-alcoholic steatohepatitis (NASH) and the non-alcoholic fatty liver (NAFL) groups (P < 0.001; Figure 2B ). a P < 0.05 vs the control group; A: c P < 0.05 vs the CHB group; B: c P < 0.05 vs the NAFL group. Activity is the sum of the score of lobular inflammation and hepatocellular ballooning. 
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and drug-induced liver injury [23] [24] [25] [26] . The serum miR-122 levels in CHB patients were much higher than those in NAFLD patients, limiting its value in the diagnosis of NAFLD. Consequently, miR-122 may serve as a marker of general liver damage due to its increased expression in a broad range of liver diseases. In contrast to miR-122, miR-192 has been identified as an oncogene in several cancers, such as colon cancer, breast cancer and gastric cancer [27] , and is negatively correlated with the liver metastatic potential of colon cancer cells [28] . Although two independent studies reported increased serum miR-192 levels in NAFLD [12, 14] , little is known about its function in other liver diseases. Similarly, miR-192 had lower serum levels in NAFLD patients than those of CHB patients, which casts doubt on its diagnostic value in NAFLD.
An intriguing finding in this study is the putative role of serum miR-34a as an extra-hepatic fingerprint of NASH. In recent years, many noninvasive, diagnostic biomarkers have been extensively examined for clinical applications for NASH. CK-18 has potential value in differentiating NASH from NAFL, but consistent with the results by Cusi et al [29] , it exhibited limited sensitivity in the diagnosis of NASH in our study. Fortunately, miR-34a significantly increased the sensitivity to 0.704, with a specificity of 0.875. Furthermore, our results showed that neither M30 nor M65 could differentiate etiology-related liver diseases. Compared with CK-18, miR-34a not only had a higher AUROC in the diagnosis of NASH but also had good disease specificity. To the best of our knowledge, we report here the first identification of miRNA biomarkers in NASH with regard to their disease specificity.
Our study found a good correlation between hepatic steatosis and serum miR-122, -192 and -34a, especially for miR-34a. Meanwhile, serum miR-34a levels showed the strongest correlation with the severity of hepatic inflammatory activity, including lobular inflammation and hepatocellular ballooning. miR-34a can down-regulate sirtuin 1 (SIRT1), leading to adenosine monophosphate-activated protein kinase (AMPK) dephosphorylation and ultimately cholesterol accumulation [30] . Other studies reported that miR-34a regulates lipoprotein metabolism and promotes liver steatosis and hypolipidemia in a peroxisome proliferator-activated receptor (PPAR) α-dependent manner [31] . There is also a functional link between aberrantly elevated miR-34a and impaired expression of the cytochrome P450 family and the fibroblast growth factor (FGF) family, which indicates the importance of miR-34a in metabolic disorders [32, 33] . In addition, the down-regulation of SIRT1 by miR-34a also increased
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acetylation of p53, thereby activating apoptosis of hepatocytes [34] . CK-18 and miR-34a reflect a common pathophysiological status, a caspase-related apoptosis pathway, which may explain the good correlation between the serum levels of these markers in our study. In contrast to the findings that miR-34a promotes hepatic fibrosis through activation of hepatic stellate cells (HSCs) [15] , our study found no positive relationship between serum miR-34a and hepatic fibrosis in NAFLD patients.
Nevertheless, the circulating miR-16 levels were positively correlated with hepatic fibrosis and showed a good ability to diagnose significant fibrosis in NAFLD, although its diagnostic value was slightly lower than that of FIB-4 and APRI. The FIB-4 and APRI were identified as good biomarkers for the presence and severity of hepatic fibrosis in NAFLD patients [35] . The activation of HSCs is generally considered to be the major mechanism responsible for liver fibrosis. Our previous work showed that miR-16 is related to the activation of cultured rat HSCs and likely participates in HSC apoptosis by targeting Bcl-2 and the downstream protease cascade [36] . Additionally, the up-regulation of miR-16 has been shown to contribute to the development of liver fibrosis and HCC in HCV and HBV infections, respectively [37, 38] . miR-16 in visceral adipose tissue also showed an increase in obese NASH patients [17] , while the data from liver tissues of NAFLD patients are limited. Therefore, it would be interesting to explore the behavior of miR-16 in livers from NASH patients to confirm the specific function of miR-16 in NAFLD in future studies.
Finally, several limitations of this study need to be noted. The subjects enrolled in our study were Han individuals from mainland China, and the results should be validated in other ethnic groups and races with larger samples. The above results did not provide direct evidence for the involvement of these differentially expressed miRNAs in the progression of NAFLD, but they could serve as the basis for functional research on this disease in the future.
In conclusion, our study demonstrated that the serum levels of miR-122, -16, -192 and miR-34a showed differential expression in NAFLD and CHB patients. Circulating miR-34a had a moderate correlation with hepatic steatosis and inflammatory activity and showed a superior ability to diagnose NASH compared to that of ALT and CK-18, which highlights its potential value as a biomarker of disease severity. In addition, circulating miR-16 exhibited a good correlation with hepatic fibrosis but had a slightly poorer performance than that of FIB-4 and APRI in distinguishing significant fibrosis in NAFLD.
COMMENTS
Background
Non-alcoholic fatty liver disease (NAFLD) has become a growing public health concern worldwide. Currently, non-alcoholic steatohepatitis (NASH) is the most common cause of chronic liver disease. Thus, there is an urgent need in the development of noninvasive biomarkers for this disease. In Asia, especially China, chronic hepatitis B (CHB) is still a leading cause of cirrhosis and hepatocellular carcinoma (HCC). Given the high prevalence of CHB in China, it cannot be excluded in the identification of biomarkers of NAFLD and NASH.
Research frontiers
Recently, circulating microRNAs (miRNAs) have emerged as attractive candidate biomarkers for early detection and monitoring of disease progression and response to treatment. The use of miRNAs as noninvasive biomarkers of NAFLD is of particular interest.
Innovations and breakthroughs
Recent studies have identified miR-122, -125b, -146b, -16, -21, -192, -27b and -34a as the most common regulators contributing to the development of NAFLD. However, there is still a lack of reliable disease-specific biomarkers for the diagnosis of NASH. Therefore, we assessed whether circulating miRNAs can distinguish NAFLD from CHB and also diagnose NASH and significant fibrosis in NAFLD.
Applications
The current study identified that the serum levels of miR-122, -16, -192 and miR-34a could differentiate NAFLD from CHB patients, and that miR-122, -192 and miR-34a could differentiate NASH from NAFL. Circulating miR34a showed a superior ability to diagnose NASH compared to that of alanine aminotransferase and cytokeratin-18, highlighting its potential value as a biomarker of NASH in clinical practice. Meanwhile, the results above could serve as the basis for functional research on this disease in the future. The subjects enrolled in our study were Han individuals from mainland China, so the results should be validated in other ethnic groups and races with larger samples in the future.
Terminology
MiRNAs are short noncoding RNAs composed of 18-25 nucleotides that regulate gene expression at the post-transcriptional level. Each miRNA has numerous target genes, and hundreds of miRNAs can regulate one target gene. MiRNAs are important players in a wide spectrum of biological processes and metabolic homeostasis, including protein secretion and fatty acid metabolism. Meanwhile, circulating miRNAs are protected from RNase in circulation and are extremely stable, so they have emerged as attractive candidate biomarkers for early diagnosis of disease and to monitor disease progression.
Peer-review
This paper by Liu et al is an interesting study on a new diagnostic biomarker of NASH. This study examined the performance of a new diagnostic biomarker panel for NASH. They found that serum level of miR-34a correlated with histological features of NASH including steatosis, hepatocyte ballooning and lobular inflammation. This study is well conducted and the methods used are appropriate. The data is presented clearly. These findings will be of interest to [clinical] practitioners as well as researchers in the field.
